Preliminary work revealed that nitrate reductase in crude extracts prepared from leaves of certain corn genotypes as well as soybeans could utilize NADPH as well as NADH as the electron donor. Isoelectric focusing and diethylaminoethyl cellulose chromatography confirmed previous findings that NADH and NADPH activities could not be separated, which suggests the involvement of a single enzyme. Nitrate reduction with both cofactors varies with plant species, plant age, and assay conditions. The ability of the nitrate reductase from a given genotype to utilize NADPH was associated with the amount of NADPHphosphatase in the extract. While diethylaminoethyl cellulose chromatography of plant extracts separated nitrate reductase from the bulk (90 %) of the phosphatase and caused a decrease in the NADPH activity, the residual level of phosphatase was sufficient to account for the apparent NADPH nitrate reductase activity. Addition of KH2PO4 and KF, inhibitors of NADPH-phosphatase activity in in vitro assays, caused a drastic reduction or abolishment of NADPH-mediated nitrate reductase activity but were without effect on NADH nitrate reductase activity. It is concluded that NADPH-nitrate reduction, in soybean and certain corn genotypes, is an artifact resulting from the conversion of NADPH to NADH by a phosphatase and that the enzyme in leaf tissue is NADH-dependent (E.C.1.6.6.1).
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While numerous investigations have shown that nitrate reductase extracted from a variety of higher plants has a specific or highly preferential requirement for NADH (2) , the enzyme from soybean leaves apparently utilizes either NADH or NADPH with equal efficiency (1, 6) . Investigations with the in vivo assay also suggest that the enzyme is NADH-dependent (12) . Although we have reported that NR' from corn was NADH-specific (1, 9) , recently we have observed that NR from leaf tissue of certain corn genotypes can also utilize NADPH as the electron donor. The level of NADPH activity observed in these initial experiments was a function of pH and assay buffer.
It is possible that the NADPH-NR activity in both soybean 'Abbreviations: NR: nitrate reductase; DEAE: diethylaminoethyl.
and corn leaf preparations is an artifact, arising from the coupling of NADPH via NADP: reductase and flavin mononucleotide to NR (14, 15) or from the presence of a phosphatase that hydrolyzes NADPH to NADH + P,, as suggested by Beevers and Hageman (2) . The first possibility is considered unlikely because the small amount of NR extract used in the assay would not contain enough endogenous flavins to support such a reaction (15) ; with respect to the second possibility, such a phosphatase has been demonstrated for yeast (5), potato (13) , Pisum sativum (8) , and Hevea brasiliensis (10) . The objectives were: (a) to demonstrate the range of NADPH-dependent NR activity in relation to NADH-NR activity as affected by the type and pH of the assay buffer; (b) to determine if NR from corn genotypes that exhibited marked NADPH activity is a single enzyme as was shown for the soybean enzyme (1); and (c) to determine if the NADPH-NR activity in crude and partially purified preparations is an artifact arising from the presence of a phosphatase that hydrolyzes NADPH to NADH and P,. [cM with respect to flavin adenine dinucleotide. Corn scutella were extracted as described by Elsner (4) . Homogenates were clarified by centrifugation for 15 min at 20,000g, and the supernatant fraction was retained. Those supernates which were to be fractionated on DEAE-cellulose were desalted by passage through a G-25 Sephadex column (22 X 4.5 cm) which was equilibrated with buffer (25 mm P,, 5 mm cysteine, and 1 mM EDTA, pH 7.5). All preparatory operations were carried out at 0 to 4 C. DEAE-cellulose Chromatography. The desalted extract was applied to a DEAE-cellulose column (20 X 1.8 cm) previously equilibrated with buffer (25 mm P,, 5 mm cysteine, and 1 mm EDTA, pH 7.5). The column was eluted with a linear gradient of 0.0 to 0.25 M KISO4 in equilibration buffer at a flow rate of 20 ml/hr. Fractions of 2 ml were collected and assayed for NR activity. All chromatography was conducted at 4 C. When soybean extracts were chromatographed, 26 Mm FAD was included in all buffers and gradients.
MATERIAL AND METHODS

RESULTS AND DISCUSSION
Pyridine Nucleotide Specificity of Nitrate Reductase in Vitro. Nitrate reductase from velvetleaf had a specific requirement for NADH, and the enzyme from leaf tissue of morning glory, pigweed, and corn genotypes A619 and 38-11 utilized NADH much more effectively than NADPH (Table I ). The enzyme from corn genotypes C103 and IHO utilized NADPH nearly as effectively as NADH when assayed in P, buffer at pH 7.5. As previously observed (1), NR from soybean leaves was nearly twice as active with NADH as with NADPH when the assays were made with P1 buffer, while in the absence of P, both pyridine nucleotides were equally effective. Nitrate reductase extracted with tris-acetate and assayed with NADH was always slightly more active in a P, assay buffer than in trisacetate. The converse was true with NADPH (Tables I and  II and unpublished data).
The optimal pH for assay of NR with NADH was 7.5 for NR from all species except soybean, which was 6.25. In contrast, the pH optima with NADPH were 6.25 for the enzyme from soybeans, foxtail, pigweed, morning glory, and corn genotypes A619 and 38-11 and 7.5 for corn genotypes C103 and IHO. The 7.5 pH optimum with NADPH is in contrast with the pH optimum of 6.25 to 6.5 reported by Beevers et al. (1) for the enzyme from several plant species but is in agreement with the results noted with corn scutella tissue by Elsner (4). 17.0 I Soybean assays were at 6.5 because this is the optimal pH for both NADH and NADPH. The variability in pH optima with NADPH-NR among the corn genotypes was found to be a function of plant age (Fig.  1) . When NR was extracted from leaf material from plants aged 7 to 9 days (7 to 10 days for C103), the NADPH pH optimum was 7.5. In contrast, the enzyme extracted from older tissue exhibited a pH optimum of 6.25. These data also illustrate the effect of age and genotype on the ratio of NADPH: NADH-NR activities. Passage of crude extracts through a DEAE-cellulose column caused a shift in the pH optimum from 7.5 to 6.25 for the NADPH activity and altered the ratio of NADPH:NADH activities (similar data shown in Fig. 3 ). For example, the ratio of NADH-NR activities of pH 7.5 :6.25 was 5.8 for the crude extract from leaves of 8-day-old C103 seedlings whereas after chromatography the ratio was 0.5 to 0.7. Concurrently, the ratio of NADPH:NADH activities changed from 0.9 to 0.16. During storage, after chromatography, there was no detectable difference in stability of the NADH or NADPH activities.
Isoelectric Focusing. Attempts to separate NADH-and NADPH-NR in crude or partially purified extracts from corn and soybeans were unsuccessful. These data showed that both activities were coincident with an isoelectric point of 4.7 (Fig.  2) .
The failure to separate the NADH from the NADPH activity is consistent with the work of Beevers et al. (1) and supports the conclusion that a single enzyme is responsible for both activities. However, the change in pH optima and ratio of NADH: NADPH activities suggested either the presence of two enzymes or that the NADPH activity was an artifact resulting from either a transhydrogenase or a phosphatase. Preliminary trials failed to detect any transhydrogenase activity but did identify the presence of a phosphatase that would hydrolyze NADP(H) to NAD(H) and P,.
Phosphatase as a Causal Factor of NADPH Activity. Soybean leaves had a higher (6-fold) level of extractable phosphatase activity than corn leaves even when the corn tissue was from IHO, a genotype that exhibits substantial NADPH-NR activity (Table II) . Corn genoytpes, A619 and 38-11, that exhibited low levels of NADPH-NR also exhibited low phosphatase activity (Table II) . Phosphatase exhibited highest activity when assayed in tris-acetate at its pH optimum 5.9, and its activity is markedly depressed when assayed under optimal conditions for NR (P, buffer, pH 6.5 for soybeans and 7.5 for corn). There was a small but consistent increase in NADH-NR activity and a small but consistent decrease in NADPH-NR activity when the assays were made with Pi instead of trisacetate buffer (Table II) . The first effect is consistent with the requirements of P, by NR (2) and the latter effect consistent with a depression of phosphatase activity (NADPH -e NADH + P,) by exogenous P1. DEAE-cellulose chromatography was again used in an attempt to separate the nitrate reductase from the phosphatase. Results, obtained with corn extracts (IHO), show (Fig. 3) that although the bulk of the phosphatase could be separated from the NR there was still sufficient phosphatase present in the NR fractions to account for the apparent NADPH-NR activity. Attempts to rechromatograph those fractions containing NR were unsuccessful because of the instability of the NR. All NR activity was lost on the second passage through the column.
The effects of pH and type of buffer on NADH-and NADPH-NR activities of fraction 26 (high NR, Fig. 3 6.5 bles I and II).
Since fluoride is an inhibitor of phosphatases (3, 16) and has no effect on NR activity (6) , the addition of KF to the assay systems should decrease the NADPH-NR but have no effect on NADH-NR. This inhibitory effect of KF was confirmed NADPH pH 6.5 ( Fig. 5) (Table II) ductase activities of extracts from corn and soybean showing that soybean leaves contain high levels of NADPHtraction medium was tris-acetate and the extracts were phosphatase and that the pH optimum for NR is 6.5 explains to assay. 
